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Abstract. The temperature and precipitation are representative for the variability of the 
wine climate at regional level, in relation to the requirements of the varieties, influencing the 
quality of the grapes (sugar, color, aroma), the specificity and the typicality of the wines. 
Climate suitability for wine production was studied during a long period of time, between 2000 
and 2018, in our experimental vineyards Tarnave and Murfatlar located in Romania, that 
integrates the influence of temperature and precipitation. The significant impact of climate 
change on viticulture requires in-depth studies of its consequences, in order to identify 
adaptation measures. The study allows in depth analysis from of the shifts caused by climate 
change in the wine areas, constituting a support for developing strategies of adaptation to the 
new climatic context. The study from the last eighteen years show a tendency to increase all the 
temperature-dependent climatic indices during the growing period of the grapes, with a large 
variation of the absolute minimum temperatures in winter, which suggests a change towards an 
increased thermal amplitude between summer and winter temperatures in certain years. 
 




         The geographical location of the vineyard, the environmental conditions are 
restrictive factors regarding the culture of vines (Tonietto et al, 2014). They, through 
their unilateral or complex action, have a decisive importance on the success of the 
vine culture (Table 1). Depending on the variation of these factors, especially the 
temperature and humidity, the annual biological cycle of the vines is carried out 
(Iliescu M. et al., 2009). The approach of presenting the climatic features and 
highlighting the main phenomena of climate risk are part of the current concerns of the 
climatological researches and not only, of knowledge and reduction of the impact of 
the extreme natural events (Climaco P., et al, 2012; Comsa M. et al., 2013).  
 Vine potential  is  determined by the interaction of all  the ecological factors 
from  the vineyard:  relief,  climate,  soil and subsoil (Irimia et al., 2014). Viticulture in 
Romania is influenced by temperate continental climate, with cold winters and hot 
summers and is subjected to both positive and negative influences of climate change 
(Bucur, 2014; Mereanu, 2010). An area is considered to have viticultural potential if it 
enables the growth of quality grapes for at least one type of viticulture production 
(Bucur G,M. et al, 2016, Irimia L., et al, 2012). 
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Table 1  
Geographical coordinates of the studied centers 
 
Crt. no. Meteorological 
station 
Latitude Longitude Altitude (m) 
1. Blaj 46°10′30″N    23°54′56″E 246 m 
2. Murfatlar 44°10′24″N    28°38′18″E   25 m 
 
For the outline of the specific climatic particularities, climatic elements and 
phenomena with major influence in the culture of vines were selected: the temperature, 
the precipitations of the last eighteen years in the Târnave Vineyard and the Murfatlar 
Vineyard precisely to highlight the climatic differences regarding the wine-growing 
area and the climatic risk phenomena, during the two phenophases: in the phenophase 
of grape harvest and their technological maturity (Curcic, L. et al., 2012; Dellala I., et 
al, 2011; Ward D.B. et al, 2017).  
The objectives of this work were to  study the influence of extreme weather 
conditions and their influences on the years 2000-2018, located in Tarnave and 
Murfatlar wine regions of Romania. Although the high heat increases sugar 
accumulation in the berries, they trigger a significant reduction in titratable acidity, 
requiring corrections and resulting in unbalanced wines. To avoid negative effects on 
vine, it is necessary to take measures, on a short, medium and long term. 
 
MATERIAL AND METHODS 
 
Study area. Romania is located in Eastern Europe, between 43° 37′–48° 15′ N 
lat. and 20° 15′–29° 44′E long. The climate is marked by influences of the steppe 
climate from the east, Mediterranean climate from south-west; oceanic climate from 
the west and north west. The climate of the Târnave vineyard is characterized by 
average daily temperatures above 10°C in the spring, during the second decade of 
April, and autumn falls below this limit (starting with the second decade of October), 
the number of days with active temperatures being 172, with limits between 154 and 
183 days. Autumns are often long and sunny, allowing the accumulation of increased 
amounts of sugars, as long as the acidity remains high. The amount of annual rainfall 
ranges from 442 to 672 mm.  
Precipitation is unevenly distributed throughout the year giving rise to periods 
of rainfall that often make it difficult to effectively combat cryptogamic diseases. The 
vineyards of the Târnave (Fig.1.A) are frequently affected by the low temperatures in 
winter, temperatures that often fall below the resistance of the vine. The plantations 
located at the base of the slopes and on the thread of the valleys, as well as those 
located on open plateaus, are particularly affected (Marculet C., 2010). 
Murfatlar vineyard (Fig.1.B), located in the southeastern part of the country, 
can have a favorable climate for creating and protecting life. Due to the settlement of 
the latitude and the location and the territory between the Danube Valley and the Black 
Sea coast, under the conditions in which a different climate can be encountered, in the 
power of the regions, where the climatic influences generate the Danube and the sea 
decreases significantly in intensity, being mainly the continental shade of the climate. 
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The excessive continental climate is characterized by a sharp contrast between summer 
and winter, with a thermal amplitude of 64.10C. The proximity of the Black Sea to the 
front can be dismantled on average by 10-15 days, while in time it is prolonged - 
almost with the same duration in autumn, conditions are created for the natural 
accumulation of a property of a high age and must have and some sweet, liqueur wines 
(Ranca A, et al, 2011). 
 
    A  B  
Fig. 1. The location of the both research area 
 
           Statistical analysis. The influence of climatic conditions in the years 2000-2018 
on the behavior from the Târnave and Murfatlar vineyards was evaluated. For this, the 
data were processed using the GraphPrism Soft Statistical Software. The following 
parameters were analyzed: minimum temperature, maximum temperature, annual 
average temperature, average flowering temperature and technological maturity of 
grapes and annual precipitation quantity. In order to understand the distribution of the 
average temperatures between June period and the maturity of the grapes-September, 
from the Blaj and Murfatlar wine centers, the data were analyzed statistically, using 
Pearson Correlation, having as variables for the last 18 years, respectively 2000-2018. 
        
RESULTS AND DISCUSSIONS 
 
In the last 18 years, the minimum temperature has dropped below -22oC, in 
2012 at Murfatlar, the frost resistance limit of vines. In the Blaj wine center, the 
absolute minimum temperature recorded was -23.3oC respectively -24.7oC, and the 
maximum temperature of + 40.9oC (2015 Murfatlar) and 41.6oC (2012 Blaj) 
respectively. Considering the special importance of the temperature regime for the 
cultivation of vines, a synthesis of the average minimum annual temperatures was 
performed (fig. 2). Thus, the persistence and continuity of positive daily average 
temperatures between April and September indicate a high favorability for the 
cultivation of vines, the area of the Tarnave Vineyard being a region recognized 
especially for viticulture.  
In the case of the Murfatlar vineyard, the year 2007 was a year in which the 
minimum temperatures recorded during the rest period did not cause loss of eyes at the 
vines, the absolute minimum temperature recorded being -10.0oC. The relative 
humidity of the air and the low precipitation during the vegetation period favored the 
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attacks of flouring on the leaves and grapes until June-July and starting from August, 
due to the precipitations in excess (121.6 mm/sqm) the attacks were favored and 
Botrytis. Even though the harvest period began with heavy rainfall, the mana attacks 
were moderate due to the fact that the temperatures and the vegetation status of the 
vines at that time were not conducive to the development of the pathogen. In contrast, 
the drought that followed in 2008, 2012 favored the flouring attacks and in addition, 
the vines suffered from water stress. In the period 2011-2013 the climatic factors 
followed have registered values near or even higher than the average of the reference 
years, these indicating favorable conditions for the culture of vines in all the wine 
centers under study. 
 
Fig. 2. Minimum annual temperature (2000-2018), Blaj and Murfatlar Viticol Center 
               
 The 2007-2010 period was characterized by very hot years, compared to the 
multiannual average. Thus, during the vegetative rest, the months of February, March 
and April had average monthly temperatures well above normal. Calculating the 
averages for the years studied, it can be observed that the average temperature in 
February was 4.35oC compared to 1.3oC as normal. Also, during the vegetation period, 
the months April-October (except September 2008) had temperatures above the normal 
monthly average, the differences being from 0.06oC in September 2008 when 17.54oC 
were compared with the normal of 17.6oC reaching a difference of 6.95oC in August 
2010 when 29.55oC were registered compared to the normal of 22.6oC. These 
temperatures created favorable conditions. The absolute maximum temperatures were 
between 10.9oC and 40.2oC in 2007 (fig. 3). The absolute minimum temperatures 
caused eye losses in 2010 when in 3 consecutive days of January the absolute 
minimum temperatures of under -20 were recorded, 0°C. Noteworthy are the dates of 
2009 when there was a minimum in the air of -1.5oC and 2010 when they were 
recorded -2.0oC, surprising the vines at the beginning of the dismantling, with the 
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Fig. 4. Medium annual temperature (2000-2018), Blaj and Murfatlar Viticol Center 
 
 The atmospheric precipitations record relatively low multiannual averages 
(400 mm), the comparison with the value of Blaj (643mm) putting in the clearest light 
the main characteristic of the climate in the region, the effect of föehn, which is 
manifested due to the orographic position of the Apuseni Mountains in relation to the 
circulation dominant of the air from the west and southwest, which consists in 
significantly reducing the amount and frequency of precipitation. The amounts of 
precipitation vary greatly, as evidenced by the multiannual monthly averages (Figure 
5). Regarding the rainfall regime, it is observed that the annual amounts of 
precipitations that fell in the period 2007-2010 were surplus with 38% in 2007 and 
47% in 2009, 2010 being in line with this trend until September. Only the year 2008 
was normal in terms of total rainfall. (410.8 mm/sqm compared to normal 419.8 
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mm/sqm). However, the phenomenon that affected the growth and development of 
vines was the uneven distribution of precipitation. Thus, in 2007 only 32 mm/sqm of 
rain fell compared to 139 mm as normal, in July it registered only 4.2 mm/sqm. The 
year 2008 is noticeable by rainfall: 143.3 mm / sqm compared to 33.5 mm /sqm 
(normal). And the year 2009 is capricious from this point of view, falling only 19.0 
mm / sqm, however in July they fell 131.2 mm/sqm. June 2010 proved to be just as 
rainy, falling no less than 211.5 mm / sqm, followed by August only 1.2 mm/sqm.  
 
 
Fig. 5. The annual precipitation and during the vegetation period of the Blaj Wine Center for the 
period 2000-2018 
 
Fig. 6. The annual precipitation and during the vegetation period of the Murfatlar Wine Center 
for the period 2000-2018 
 
 Regarding the precipitations of September in the Blaj wine center, the 
variables 2005, 2006 2014, 2014 have recorded inverse correlations, compared to the 
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other variables, which have registered highly significant statistical links. During the 
ripening period in the Murfatlar wine center, distinctly significant and highly 
significant correlations were obtained, with the exception of the years 2011,2012, 
2017, where the values of precipitation had an inverse statistical relation, varying in the 
opposite direction. The following figures represent the calculation of the Pearson 
correlations made for the results and discussions part of this paper (Figure 7 A, B,C,D). 
 Values greater than 0.5 represent a direct correlation, a strong correlation 
between variables, a positive correlation which means that when a variable grows, the 
correlated variables increase, while a negative correlation means that an increase of the 
primary variable determines a decrease of the related variables. This fact is found 
especially in the case of 2013, correlated with all the other variables. Regarding the 
situation of the Blaj Wine Center, during the grape harvest period, positive, highly 
significant correlations were obtained with a large number of relationships between 
2000-2008, which demonstrates that climate change as a whole is noticeable. In recent 
years, there has been a noticeable change in the average daily temperature, which 
affects the development of the vineyards. The thermal regime, for the period 2000-
2018, is characterized by annual average temperatures ranging from 8.6°C recorded in 
2016 to 11.8°C recorded in 2014, the multiannual average taken as reference value in 
the study 10.3°C. During the maturity period, positive correlations were obtained, 
registering highly significant statistical links, with the exception of 2010, which 
recorded an inverse correlation, varying in the contract sense with the period 2000-
2018. 
 Regarding the variation of the average temperatures in the Murfatlar wine 
center, "r" = 0 in 2008 correlated with the year 2000, 2014 correlated with the years 
2010,2011 which means that there is no statistical connection between the two 
variables or the fact that there is no a linear connection. The exception is the year 2012, 
which recorded an inverse correlation, varying in the contractual sense with the 
interval 2000-2018, otherwise the values correlated during the flowering period being 
highly significant. During the period of maturity, distinctly significant and highly 
significant correlations were obtained, except for the year 2000, where the values of 
the average temperature of the Murfatlar Wine Center had a statistically insignificant 
connection. 
 The ecoclimatic conditions in the center of Viticol Blaj, respectively Murfatlar 
(Figure 8 A,B,C,D) related to 2012, are similar, characterized by decreases in the level 
of precipitation, during the flowering period, thus being included in all the climatic 
changes that define the term of global warming, the results regarding the degree of 
linear association between the 2 variables registered an inverse correlation, varying in 
the opposite direction with the interval 2000-2006, in both wine resorts. 
 In the case of the Murfatlar resort, the phenomenon for 2012 also occurred in 
the case of the variables 2006-2007-2015, which also have an inverse correlation, 
respectively, have varied in the opposite direction. The climatological imbalance 
regarding the precipitation and the days with high temperatures, respectively the 
periods of drought and the variations of temperature lead to climatic accidents and 
solar burns (Figure 9 A,B). 
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A. Pearson correlation between medium temperature in June- Blaj Center 2000-2018; *The correlation is significant at 
p < 0.05 in 95%; **** The correlation is highly significant at p < 0.01, in 99%; N = 3   
         
 
B. Pearson correlation between medium temperature in September Blaj Center 2000-2018; *The correlation is 
significant at p < 0.05 in 95%; **** The correlation is highly significant at p < 0.01, in 99%; N = 3 




p=0.0063 p ≤ 0.000
2002 1.4** 2.1**** 1.000
p=0.00079 p ≤ 0.001 p ≤ 0.000
2003 0.2ns 3.3**** 1.2**** 1.000
p=0.6536 p ≤ 0.001 p ≤ 0.001 p ≤ 0.000
2004 2.7* 0.8**** 1.3**** 2.5**** 1.000
p=0.0104 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.000
2005 2.8** 0.7**** 1.4**** 2.6**** 0.1**** 1.000
p=0.0097 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001
2006 2.6* cu minus in word0.9**** 1.2**** 2.4**** 0.1**** 0.2**** 1.000
p=0.0112 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.000
2007 0.8ns 4.4**** 2.3**** 1.1**** 3.6**** 3.7**** 3.5**** 1.000
p=0.1082 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.000
2008 6.5** 10.10**** 8.0**** 6.8**** 9.3**** 9.4**** 9.2**** 5.7**** 1.000
p=0.0019 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001
2009 2.267* 1.3**** 0.8**** 2.0**** 0.5**** 0.6**** 0.4**** 3.1**** 8.8**** 1.000
p=0.0154 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.000
2010 2.2* 1.3**** 0.8**** 2.0**** 0.5**** 0.6**** 0.4**** 3.1**** 8.8**** 0.0**** 1.000
p=0.0154 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.000
2011 1.767* 1.8**** 0.3**** 1.5**** 1.0**** 1.1**** 0.9**** 2.6**** 8.3**** 0.5**** 0.5**** 1.000
p=0.0253 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.000
2012 0.6ns 2.967ns 0.8667ns 0.3333ns 2.167ns 2.267ns 2.067ns 1.433ns 7.133* 1.667ns 1.667ns 1.167ns 1.000
p=0.9967 p=0.201 p=0.903 p>0.9999 p=0.3405 p=0.3169 p=0.3665 p=0.6032 p=0.0385 p=0.4998 p=0.4998 p=0.7436 p ≤ 0.000
2013 3.1**** 0.4667 1.633x 2.8xx 0.3ns 0.2ns 0.4ns 3.9xx 9.6xxx 0.8ns 0.8ns 1.3x 2.5ns 1.000
p=0.0001 p=0.3024 p=0.0295 p=0.0099 p=0.4998 p=0.7436 p=0.3405 p=0.0052 p=0.0009 p=0.1082 p=0.1082 p=0.0439 p=0.362 p ≤ 0.000
2014 2.167*cu minus in word1.4**** 0.7**** cu minus in word1.9**** cu minus0.6**** 0.7**** 0.5**** 3**** 8.7*** 0.1**** 0.1**** 0.4****  1.567ns 0.9333ns 1.000
p=0.0169 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p=0.5416 p=0.0873 p ≤ 0.000
2015 1.767**** 1.8**** 0.3**** 1.5**** 1.0**** 1.1**** 0.9**** 2.6**** 8.3**** 0.5**** 0.5**** 0.0**** 1.167ns 1.333* 0.4**** 1.000
p=0.0253 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p=0.7436 p=0.0439 p<0.0001 p ≤ 0.000
2016 1.0**** 2.567* 0.4667ns 0.7333ns 1.767* 1.867* 1.667* 1.833* 7.533** 1.267* 1.267* 0.7667ns 0.4ns 2.1**** 1.167ns 0.7667ns 1.000
p<0.0001 p=0.0121 p=0.3024 p=0.1372 p=0.0253 p=0.0227 p=0.0283 p=0.0235 p=0.0014 p=0.0485 p=0.0485 p=0.1264 p>0.9999 p<0.0001 p=0.0569 p=0.1264 p ≤ 0.000
2017 1.0*** 2.567* 0.4667ns 0.7333ns 1.767* 1.867* 1.667* 1.833* 7.533** 1.267* 1.267* 0.7667ns 0.4ns 2.1**** 1.167ns 0.7667ns 0.0*** 1.000
p<0.0001 p=0.0121 p=0.3024 p=0.1372 p=0.0253 p=0.0227 p=0.0283 p=0.0235 p=0.0014 p=0.0485 p=0.0485 p=0.1264 p>0.9999 p<0.0001 p=0.0569 p=0.1264 p<0.0001 p ≤ 0.000
2018 1.4*** 2.1* 0.0ns 1.1ns 1.3* 1.4* 1.2* 22* 7.9** 0.8* 0.8* 0.3ns 0.8ns 1.7**** 0.7ns 0.3ns 0.4**** 0.4**** 1.000
p<0.0001 p=0.0169 p>0.9999 p=0.0602 p=0.0418 p=0.0364 p=0.0485 p=0.0159 p=0.0013 p=0.1005 p=0.1005 p=0.438 p=0.974 p<0.0001 p=0.1264 p=0.438 p<0.0001 p<0.0001 p ≤ 0.000




p<0.0001 p ≤ 0.000
2002 14.4**** 0.2**** 1.000
p ≤ 0.001 p ≤ 0.001 p ≤ 0.000
2003 14.2**** 0.0*** 0.2**** 1.000
p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.000
2004 14.6**** 0.4**** 0.2**** 0.4**** 1.000
p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.000
2005 11.5**** 2.7**** 2.9**** 2.7**** 3.1**** 1.000
p=0.0097 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001
2006 12.7**** cu minus in word1.5**** 1.7**** 1.5**** 1.9**** 1.2**** 1.000
p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.000
2007 14.6**** 0.4**** 0.2**** 0.4**** 0.0**** 3.1**** 1.9**** 1.000
p ≤ 0.001 p ≤ 0.001 p ≤0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.000
2008 14.4**** 0.2**** 0.0**** 0.2**** 0.2**** 2.9**** 1.7**** 0.2**** 1.000
p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001
2009 12.3**** 1.9**** 2.1**** 1.9**** 2.3**** 0.8**** 0.4**** 2.3**** 2.1**** 1.000
p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.000
2010 14.7**** 0.5**** 0.3**** 0.5**** 0.1**** 3.2**** 2.2**** 0.1**** 0.3**** 2.4**** 1.000
p=0.0154 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.000
2011 10.7**** 3.5**** 3.7**** 3.5**** 3.9**** 0.8**** 2.0**** 3.9**** 3.7**** 1.6**** 4.0**** 1.000
p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.000
2012 10.7**** 3.5**** 3.7**** 3.5**** 3.9**** 0.8**** 2.0**** 3.9**** 3.7**** 1.6**** 4.0**** 0.0 1.000
p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.000
2013 12.7**** 1.5**** 1.7**** 1.5**** 1.9**** 1.2**** 0.0**** 1.9**** 1.7**** 0.4**** 2.0**** 2.0**** 2.0**** 1.000
p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.000
2014 11.9***cu minus in word2.2* 2.4* cu minus in word2.2* cu minus2.6* 0.4ns 0.7ns 2.6*cu minus2.4*cu minus0.3ns 2.7* 1.2 *cu minus0.4****1.2*cu minus 1.567ns0.7ns 1.000
p=0.0006 p=0.0159 p=0.0134 p=0.0159 p=0.0115 p=0.3024 p=0.1372 p=0.0115 p=0.0134 p=0.4998 p=0.0106 p=0.0485 p=0.0485 p=0.1372 p ≤ 0.000
2015 1.767**** 1.8**** 0.3**** 1.5**** 1.0**** 1.1**** 0.9**** 2.6**** 8.3**** 0.5**** 0.5**** 0.0**** 1.167**** 1.333**** 0.4ns 1.000
p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p ≤ 0.000
2016 12.4**** 1.8**** 2.0**** 1.8**** 2.2**** 0.9**** 0.3**** 2.2**** 2.0**** 0.1**** 2.3**** 1.7**** 1.7**** 0.3**** 0.4* 1.5**** 1.000
p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p<0.0001 p<0.0001 p<0.0001 p ≤ 0.000
2017 13,2**** 1.0**** 1.2**** 1.0**** 1.4**** 1.7**** 0.5**** 1.4**** 1.2**** 0.9**** 1.5**** 2.5**** 2.5**** 0.5**** 1.2*** 2.3**** 0.8**** 1.000
p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0511 p<0.0001 p<0.0001 p ≤ 0.000
2018 12.8**** 1.4**** 1.6**** 1.4**** 1.8**** 1.3**** 0.1**** 1.8**** 1.6**** 0.5**** 1.9**** 2.1**** 2.1**** 0.1**** 0.8*** 1.9**** 0.4**** 0.4**** 1.000
p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0511 p<0.0001 p<0.0001 p<0.0001 p ≤ 0.000
Pearson correlation matrix between medium temperature in September- Blaj Center 2000-2018
*The correlation is significant at p < 0.05 in 95%; **** The correlation is highly significant at p < 0.01, in 99%; N = 3
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C. Pearson correlation between medium temperature in June- Murfatlar Center 2000-2018; *The correlation is 
significant at p < 0.05 in 95%; **** The correlation is highly significant at p < 0.01, in 99%; N = 3 
D. Pearson correlation between medium temperature in September- Blaj Center 2000-2018; *The correlation is 
significant at p < 0.05 in 95%; **** The correlation is highly significant at p < 0.01, in 99%; N = 3  
     




p<0.0001 p ≤ 0.000
2002 1.1* 1.9** 1.000
p =0.0146 p ≤ 0.0053 p ≤ 0.000
2003 0.2**** 2.9**** 0.9* 1.000
p ≤ 0.001 p ≤ 0.001 p ≤ 0.0212 p ≤ 0.000
2004 3.1**** 0 1.9** 2.9**** 1.000
p ≤ 0.001 0 p ≤ 0.0053 p ≤ 0.001 p ≤ 0.000
2005 2.5**** 0.6**** 1.3* 2.3**** 0.6**** 1.000
p=0.0097 p ≤ 0.001 p ≤ 0.0112 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001
2006 1.7**** 1.4**** 0.5ns 1.5**** 1.4**** 0.8**** 1.000
p ≤ 0.001 p ≤ 0.001 ns p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.000
2007 1.0**** 4.1**** 2.1** 1.2**** 4.1**** 3.5**** 2.7**** 1.000
p ≤ 0.001 p ≤ 0.001 p ≤0.0043 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.000
2008 0.0**** 3.1**** 1.1** 0.2**** 3.1**** 2.5**** 1.7**** 1.0**** 1.000
p ≤ 0.001 p ≤ 0.001 p ≤ 0.0146 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.000
2009 1.3**** 4.4**** 2.4** 1.5**** 4.4**** 3.8**** 3.0**** 0.3**** 1.3**** 1.000
p ≤ 0.001 p ≤ 0.001 p ≤ 0.0033 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.000
2010 0.4**** 2.7**** 0.7* 0.2**** 2.7**** 2.1**** 1.3**** 1.4**** 0.4**** 1.7**** 1.000
p=0.0154 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.000
2011 0.4**** 2.7**** 0.7* 0.2**** 2.7**** 2.1**** 1.3**** 1.4**** 0.4**** 1.7**** 0.0 1.000
p ≤ 0.001 p ≤ 0.001 p ≤ 0.0334 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 0.0 p ≤ 0.000
2012 3.2**** 0.1**** 2.0* 3.0**** 0.1**** 0.7**** 1.5**** 4.2**** 3.2**** 4.5**** 2.8**** 2.8 1.000
p ≤ 0.001 p ≤ 0.001 p ≤ 0.0048 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.000
2013 12.7**** 1.5**** 1.7**** 1.5**** 1.9**** 1.2**** 0.0**** 1.9**** 1.7**** 0.4**** 2.0**** 2.0**** 2.0**** 1.000
p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.000
2014 0.4**** 2.7**** 0.7** 0.2**** 2.7**** 2.1**** 1.3**** 1.4**** 0.4**** 1.7**** 0.0 0.0 2.8**** 1.6**** 1.000
p<0.0001 p<0.0001 p=0.0334 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 0.0 0.0 p<0.0001 p<0.0001 p ≤ 0.000
2015 1.1**** 4.2**** 2.267** 1.3**** 4.2**** 3.6**** 2.8**** 0.1**** 1.1**** 0.2**** 1.5**** 1.5**** 4.3**** 0.1**** 1.5**** 1.000
p ≤ 0.001 p ≤ 0.001 p ≤ 0.0039 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p ≤ 0.000
2016 2.4**** 5.5**** 3.567** 2.6**** 5.5**** 4.9**** 4.1**** 1.4**** 2.4**** 1.1**** 2.8**** 2.8**** 5.6**** 1.2**** 2.8**** 1.3**** 1.000
p<0.0001 p<0.0001 p=0.0016 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0511 p<0.0001 p ≤ 0.000
2017 1.0**** 4.1**** 2.167** 1.2**** 4.1**** 3.5**** 2.7**** 0.0**** 1.0**** 0.3**** 1.4**** 1.4**** 4.2**** 0.2**** 1.4**** 0.1**** 1.4**** 1.000
p<0.0001 p<0.0001 p<0.0043 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0511 p<0.0001 p<0.0001 p ≤ 0.000
2018 0.5**** 2.6**** 0.6667* 0.3**** 2.6**** 2**** 1.2**** 1.5**** 0.5**** 1.8**** 0.1**** 0.1**** 2.7**** 1.7**** 0.1**** 1.6**** 2.9**** 1.5**** 1.000
p<0.0001 p<0.0001 p=0.0439 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0511 p<0.0001 p<0.0001 p<0.0001 p ≤ 0.000
Pearson correlation matrix between medium temperature in June- Murfatlar Center 2000-2018
*The correlation is significant at p < 0.05 in 95%; **** The correlation is highly significant at p < 0.01, in 99%; N = 3




p=0.9766 p ≤ 0.000
2002 4.533ns 1.1 1.000
p =0.9950 p ≤ 0.001 p ≤ 0.000
2003 2.033ns 3.6 2.5 1.000
p >0.9999 p ≤ 0.001 p ≤ 0.001 p ≤ 0.000
2004 4.333ns 1.3**** 0.2**** 2.3**** 1.000
p = 0.9965 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.000
2005 6.133ns 0.5**** 1.6**** 4.1**** 1.8**** 1.000
p=0.9617 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001
2006 4.333ns 1.3**** 0.2**** 2.3**** 0**** 1.8**** 1.000
p = 0.9965 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 0 p ≤ 0.001 p ≤ 0.000
2007 6.133ns 0.5**** 1.6**** 4.1**** 1.8**** 0**** 1.8**** 1.000
p =0.9617 p ≤ 0.001 p ≤0.001 p ≤ 0.001 p ≤ 0.001 0 p ≤ 0.001 p ≤ 0.000
2008 3.233ns 2.4**** 1.3**** 1.2**** 1.1**** 2.9**** 1.1**** 2.9**** 1.000
p = 0.9998 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001
2009 7.633ns 2.0**** 3.1**** 5.6**** 3.3**** 1.5**** 3.3**** 1.5**** 4.4**** 1.000
p =0.8931 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.000
2010 8.933ns 3.3**** 4.4**** 6.9**** 4.6**** 2.8**** 4.6**** 2.8**** 5.7**** 1.3**** 1.000
p=0.8146 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.000
2011 8.233ns 2.6**** 3.7**** 6.2**** 3.9**** 2.1**** 3.9**** 2.1**** 0.5**** 0.6**** 0.7**** 1.000
p =0.8583 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.000
2012 6.433ns 0.8**** 1.9**** 4.4**** 2.1**** 0.3**** 2.1**** 0.3**** 3.2**** 1.2**** 2.5**** 1.8**** 1.000
p = 0.9507 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.000
2013 6.033ns 0.4*** 1.5**** 4.7**** 1.7**** 0.1**** 1.7**** 0.1**** 2.8**** 1.9**** 2.9**** 2.2**** 0.4**** 1.000
p ≤ 0.9650 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.000
2014 6.733ns 1.1**** 2.2**** 4.7**** 2.4**** 0.6**** 2.4**** 0.6**** 3.5**** 0.9**** 2.2**** 1.5**** 0.3**** 0.7**** 1.000
p=0.9382 p=0.0159 p=0.0134 p=0.0159 p=0.0115 p=0.3024 p=0.1372 p=0.0115 p=0.0134 p=0.4998 p=0.0106 p=0.0485 p=0.0485 p=0.1372 p ≤ 0.000
2015 8.833ns 3.2**** 4.3**** 6.8**** 4.5**** 2.7**** 4.5**** 2.7**** 5.6**** 1.2**** 0.1**** 0.6**** 2.4**** 2.8**** 2.1**** 1.000
p =0.8210 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p ≤ 0.000
2016 7.633**** 2.0**** 3.1**** 5.6**** 3.3**** 1.5**** 3.3**** 1.5**** 4.4**** 0.0 1.3**** 0.6**** 1.2**** 1.6**** 0.9**** 1.2**** 1.000
p ≤ 0.8931 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 0.0 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p<0.0001 p<0.0001 p<0.0001 p ≤ 0.000
2017 3.1ns 4.2**** 6.7**** 4.4**** 2.6**** 4.4**** 2.6**** 5.5**** 1.1**** 0.2**** 0.5**** 2.3**** 2.7**** 2.0**** 0.1**** 1.1**** 0.8**** 1.000
p<0.8273 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p ≤ 0.000
2018 7.433ns 1.8**** 2.9**** 5.4**** 3.1**** 1.3**** 3.1**** 1.3**** 4.2**** 0.2**** 1.5**** 0.8**** 1.0**** 1.4**** 0.7**** 1.4**** 0.2**** 1.3**** 1.000
p<0.9040 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p ≤ 0.000
Pearson correlation matrix between medium temperature in September- Murfatlar Center 2000-2018
*The correlation is significant at p < 0.05 in 95%; **** The correlation is highly significant at p < 0.01, in 99%; N = 3
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8.A Pearson correlation between precipitation in June- Blaj Center 2000-2018; *The correlation is significant at p < 
0.05 in 95%; **** The correlation is highly significant at p < 0.01, in 99%; N = 3 
 
8.B Pearson correlation between precipitation in September- Blaj Center 2000-2018; *The correlation is significant at p 
< 0.05 in 95%; **** The correlation is highly significant at p < 0.01, in 99%; N = 3 




p ≤ 0.001 p ≤ 0.000
2002 8.4**** 89.8**** 1.000
p ≤ 0.001 p ≤ 0.001 p ≤ 0.000
2003 7.0**** 91.2**** 1.4**** 1.000
p >0.9999 p ≤ 0.001 p ≤ 0.001 p ≤ 0.000
2004 30.6**** 67.6**** 22.2**** 23.6**** 1.000
p = 0.9965 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.000
2005 24.4**** 73.8**** 16**** 17.4**** 6.2**** 1.000
p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001
2006 38.0**** 60.2**** 29.6**** 31.0**** 7.4**** 13.6**** 1.000
p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.000
2007 2.3**** 95.9**** 6.1**** 4.7**** 28.3**** 22.1**** 35.7**** 1.000
p ≤ 0.001 p ≤ 0.001 p ≤0.001 p ≤ 0.001 p ≤ 0.001 0 p ≤ 0.001 p ≤ 0.000
2008 42.3**** 55.9**** 33.9**** 35.3**** 11.7**** 17.9**** 4.3**** 40.0**** 1.000
p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001
2009 47.9**** 50.3**** 39.5**** 40.9**** 17.3**** 23.5**** 9.9**** 45.6**** 5.6**** 1.000
p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.000
2010 104.9**** 6.7**** 96.5**** 97.9**** 74.3**** 80.5**** 66.9**** 102.6**** 62.6**** 57.0**** 1.000
p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.000
2011 65.9**** 32.3**** 57.5**** 58.9**** 35.3**** 41.5**** 27.9**** 63.6**** 23.6**** 18**** 39**** 1.000
p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.000
2012 22.1**** 120.3**** 30.5**** 29.1**** 52.7**** 46.5**** 60.1**** 24.4**** 64.4**** 70**** 127**** 88**** 1.000
p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.000
2013 22.93** 75.27*** 14.53** 15.93** 7.667* 1.467ns 15.07** 20.63** 19.37** 24.97** 81.97*** 42.97** 45.03*** 1.000
p=0.0038 p=0.0004 p=0.0094 p=0.0078 p=0.0334 p=0.5872 p=0.0088 p=0.0047 p=0.0053 p=0.0032 p=0.0003 p=0.0011 p=0.001 p ≤ 0.000
2014 15.2** 83*** 6.8* 8.2* 15.4** 9.2* 22.8** 12.9** 27.1** 32.7** 89.7*** 50.7*** 37.3** 7.733* 1.000
p=0.007 p=0.0002 p=0.0344 p=0.0238 p=0.0068 p=0.0189 p=0.0031 p=0.0097 p=0.0022 p=0.0015 p=0.0002 p=0.0006 p=0.0012 p=0.0299 p ≤ 0.000
2015 68.2*** 30.0** 59.8*** 61.2*** 37.6** 43.8*** 30.2** 65.9*** 25.9** 20.3** 36.7** 2.3ns 90.3*** 45.27*** 53.0**** 1.000
p=0.0003 p=0.0018 p=0.0005 p=0.0004 p=0.0011 p=0.0008 p=0.0018 p=0.0004 p=0.0024 p=0.0039 p=0.0012 p=0.26 p=0.0002 p=0.0009 p<0.0001 p ≤ 0.000
2016 106.5*** 8.3ns 98.1*** 99.5*** 75.9*** 82.1*** 68.5** 104.2*** 64.2** 58.6** 1.6ns 40.6** 128.6*** 83.57*** 91.3*** 38.3** 1.000
p=0.0004 p=0.0679 p=0.0005 p=0.0005 p=0.0008 p=0.0007 p=0.001 p=0.0004 p=0.0012 p=0.0014 p=0.8214 p=0.0029 p=0.0003 p=0.0002 p=0.0002 p=0.0011 p ≤ 0.000
2017 44.9**** 53.3**** 36.5**** 37.9**** 14.3**** 20.5**** 6.9**** 42.6**** 2.6**** 3.0**** 60.0**** 21.0**** 67.0**** 21.97** 29.7** 23.3** 61.6** 1.000
p<0.8273 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p=0.0041 p=0.0018 p=0.0030 p=0.0013 p ≤ 0.000
2018 166.1**** 67.9**** 157.7**** 159.1**** 135.5**** 141.7**** 128.1**** 163.8**** 123.8**** 118.2**** 61.2**** 100.2**** 188.2**** 143.2**** 150.9**** 97.9*** 59.6** 121.2**** 1.000
p<0.9040 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p=0.002 p<0.0014 p<0.0001 p ≤ 0.000
Pearson correlation matrix between pp in June- Blaj Center 2000-2018
*The correlation is significant at p < 0.05 in 95%; **** The correlation is highly significant at p < 0.01, in 99%; N = 3




p ≤ 0.001 p ≤ 0.000
2002 11.0**** 103.6**** 1.000
p ≤ 0.001 p ≤ 0.001 p ≤ 0.000
2003 14.8**** 129.4**** 25.8**** 1.000
p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.000
2004 28.7**** 85.9**** 17.7**** 43.5**** 1.000
p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.000
2005 37.1**** 151.7**** 48.1**** 22.3**** 65.8**** 1.000
p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001
2006 37.7**** 152.3**** 48.7**** 22.9**** 66.4**** 0.6**** 1.000
p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.000
2007 3.4**** 118.0**** 14.4**** 11.4**** 32.1**** 33.7**** 34.3**** 1.000
p ≤ 0.001 p ≤0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.000
2008 12.8**** 101.8**** 1.8**** 27.6**** 15.9**** 49.9**** 50.5**** 5.3**** 1.000
p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001
2009 28.7**** 143.3**** 39.7**** 13.9**** 57.4**** 8.4**** 9.0**** 36.2**** 25.3**** 1.000
p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.000
2010 16.5**** 98.1**** 5.5**** 31.3**** 12.2**** 53.6**** 54.2**** 9.0**** 19.9**** 3.7**** 1.000
p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.000
2011 16.5**** 98.1**** 5.5**** 31.3**** 12.2**** 53.6**** 54.2**** 9.0**** 19.9**** 3.7**** 0.7**** 1.000
p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.000
2012 24.3**** 138.9**** 35.3**** 9.5**** 53.0**** 12.8**** 13.4**** 31.8**** 20.9**** 37.1**** 4.4**** 40.8**** 1.000
p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.000
2013 5.3**** 119.9**** 16.3**** 9.5**** 34**** 31.8**** 32.4**** 12.8**** 1.9**** 18.1**** 23.4**** 21.8**** 19**** 1.000
p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001
2014 49.8**** 164.4**** 60.8**** 35.0*** 78.5**** 12.7** 12.1** 57.3**** 46.4**** 62.6**** 21.1*** 66.3**** 25.5*** 44.5**** 1.000
p<0.0001 p<0.0001 p<0.0001 p=0.0001 p<0.0001 p=0.0011 p=0.0012 p<0.0001 p<0.0001 p<0.0001 p=0.0004 p<0.0001 p=0.0003 <0.0001 p ≤ 0.000
2015 33.9**** 80.7**** 22.9**** 48.7**** 5.2**** 71.0**** 71.6**** 26.4**** 37.3**** 21.1**** 62.6**** 17.4**** 58.2**** 39.2**** 83.7**** 1.000
p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p ≤ 0.000
2016 46.3**** 160.9**** 57.3**** 31.5**** 75.0**** 9.2**** 8.6**** 53.8**** 42.9**** 59.1**** 17.6**** 62.8**** 22.0**** 41.0**** 3.5* 80.2**** 1.000
p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0146 p<0.0001 p ≤ 0.000
2017 25.3**** 139.9**** 36.3**** 10.5**** 54.0**** 11.8**** 12.4**** 32.8**** 21.9**** 38.1**** 3.4**** 41.8**** 1.0**** 20.0**** 24.5*** 59.2**** 21.0**** 1.000
p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0030 p<0.0001 p<0.0001 p ≤ 0.000
2018 35.5**** 150.1**** 46.5**** 20.7**** 64.2**** 1.6**** 2.2**** 43.0**** 32.1**** 48.3**** 6.8**** 52**** 11.2**** 30.2**** 14.3*** 69.4**** 10.8**** 10.2**** 1.000
p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p=0.0009 p<0.0001 p<0.0001 p<0.0001 p ≤ 0.000
Pearson correlation matrix between pp in Sept- Blaj Center 2000-2018
*The correlation is significant at p < 0.05 in 95%; **** The correlation is highly significant at p < 0.01, in 99%; N = 3
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8.C Pearson correlation between precipitation in June- Murfatlar Center 2000-2018; *The correlation is significant at p 
< 0.05 in 95%; **** The correlation is highly significant at p < 0.01, in 99%; N =3 
 
8.D Pearson correlation between precipitation in September- Murfatlar Center 2000-2018; *The correlation is 
significant at p < 0.05 in 95%; **** The correlation is highly significant at p < 0.01, in 99%; N = 3 
  
  




p=0.0001 p ≤ 0.000
2002 21.53*** 1.6**** 1.000
p =0.0002 p ≤ 0.001 p ≤ 0.000
2003 25.03*** 1.9**** 3.5**** 1.000
p >0.0001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.000
2004 17.77*** 40.9**** 39.3**** 42.8**** 1.000
p = 0.0003 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.000
2005 20.23*** 2.9**** 1.3**** 4.8**** 38.0**** 1.000
p=0.0002 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001
2006 30.43**** 7.3**** 8.9**** 5.4**** 48.2**** 10.2**** 1.000
p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 0 p ≤ 0.001 p ≤ 0.000
2007 34.83**** 11.7**** 13.3**** 9.8**** 52.6**** 14.6**** 4.4**** 1.000
p ≤ 0.001 p ≤ 0.001 p ≤0.001 p ≤ 0.001 p ≤ 0.001 0 p ≤ 0.001 p ≤ 0.000
2008 18.93*** 4.2**** 2.6**** 6.1**** 36.7**** 1.3**** 11.5**** 15.9**** 1.000
p = 0.0002 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001
2009 28.43**** 5.3**** 6.9**** 3.4**** 46.2**** 8.2**** 2.0**** 6.4**** 9.5**** 1.000
p =0.0001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.000
2010 3.833** 19.3**** 17.7**** 21.2**** 21.6**** 16.4**** 26.6**** 31.0**** 15.1**** 24.6**** 1.000
p=0.0054 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.000
2011 24.73*** 1.6**** 3.2**** 0.3**** 42.5**** 4.5**** 5.7**** 10.1**** 5.8**** 3.7**** 20.9**** 1.000
p =0.0056 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.000
2012 40.03**** 16.9**** 18.5**** 15**** 57.8**** 19.8**** 9.6**** 5.2**** 21.1**** 11.6**** 36.2**** 15.3**** 1.000
p = 0.9507 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.000
2013 3.767* 26.9**** 25.3**** 28.8**** 14.0**** 24.0**** 34.2**** 38.6**** 22.7**** 32.2**** 7.6**** 28.5**** 43.8**** 1.000
p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.000
2014 105.8**** 128.9**** 127.3**** 130.8**** 8.0**** 126.0**** 136.2**** 140.6**** 124.7**** 134.2**** 109.6**** 130.5**** 145.8**** 102.0**** 1.000
p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.000
2015 37.23**** 14.1**** 15.7**** 12.2**** 55**** 17**** 6.8**** 2.4**** 18.3**** 8.8**** 33.4**** 12.5**** 2.8**** 41**** 143**** 1.000
p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p ≤ 0.000
2016 6.833**** 16.3**** 14.7**** 18.2**** 24.6**** 13.4**** 23.6**** 28.0**** 12.1**** 21.6**** 3.0**** 17.9**** 33.2**** 10.6**** 112.6**** 30.4**** 1.000
p ≤ 0.0017 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p<0.0001 p<0.0001 p<0.0001 p ≤ 0.000
2017 30**** 53.13**** 51.53**** 55.03**** 12.23*** 50.23**** 60.43**** 64.83**** 48.93**** 58.43**** 33.83**** 54.73**** 70.03**** 26.23**** 75.77**** 67.23**** 36.83**** 1.000
p<0.8273 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p ≤ 0.000
2018 83.07**** 106.2**** 104.6**** 108.1**** 65.3**** 103.3**** 113.5**** 117.9**** 102*** 111.5**** 86.9**** 107.8**** 123.1**** 79.3**** 22.7**** 120.3**** 89.9**** 53.07**** 1.000
p<0.9040 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p ≤ 0.000
Pearson correlation matrix between pp in June- Murfatlar Center 2000-2018
*The correlation is significant at p < 0.05 in 95%; **** The correlation is highly significant at p < 0.01, in 99%; N = 3




p<0.0001 p ≤ 0.000
2002 46.4**** 43.4**** 1.000
p<0.0001 p ≤ 0.001 p ≤ 0.000
2003 141.9**** 138.9**** 2.5 1.000
p<0.0001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.000
2004 12.0**** 15.0**** 58.4**** 2.3**** 1.000
p<0.0001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.000
2005 117.3**** 114.3**** 70.9**** 24.6**** 1.8**** 1.000
p<0.0001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001
2006 61.1**** 58.1**** 14.7**** 80.8**** 73.1**** 1.8**** 1.000
p<0.0001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 0 p ≤ 0.001 p ≤ 0.000
2007 50.7**** 47.7**** 4.3**** 91.2**** 62.7**** 66.6**** 1.8**** 1.000
p<0.0001 p ≤ 0.001 p ≤0.001 p ≤ 0.001 p ≤ 0.001 0 p ≤ 0.001 p ≤ 0.000
2008 5.1**** 2.1**** 41.3**** 136.8**** 17.1**** 112.2**** 56.0**** 2.9**** 1.000
p<0.0001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001
2009 26.3**** 23.3***** 20.1**** 115.6**** 38.3**** 91.0**** 34.8**** 24.4**** 4.4**** 1.000
p<0.0001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.000
2010 23.8**** 20.8**** 22.6**** 118.1**** 35.8**** 93.5**** 37.3**** 26.9**** 18.7**** 1.3**** 1.000
p=0.8146 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.000
2011 20.5**** 23.5**** 66.9**** 162.4**** 8.5**** 137.8**** 81.6**** 71.2**** 25.6**** 46.8**** 0.7**** 1.000
p<0.0001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.000
2012 19.9**** 22.9**** 66.3**** 161.8**** 7.9**** 137.2**** 81.0**** 70.6**** 25.0**** 46.2**** 43.7**** 0.6**** 1.000
p<0.0001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.000
2013 47.1**** 44.1**** 0.7**** 94.8**** 59.1**** 70.2**** 14.0**** 3.6**** 42.0**** 20.8**** 23.3**** 67.6**** 67.0**** 1.000
p<0.0001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.000
2014 5.7**** 2.7**** 40.7**** 136.2**** 17.7**** 111.6**** 55.4**** 45.0**** 0.6**** 20.6**** 18.1**** 26.2**** 25.6**** 41.4**** 1.000
p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p ≤ 0.000
2015 15.5**** 18.5**** 61.9**** 157.4**** 3.5**** 132.8**** 76.6**** 66.2**** 20.6**** 41.8**** 39.3**** 5.0**** 4.4**** 62.6**** 21.2**** 1.000
p<0.0001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p ≤ 0.000
2016 8.1**** 5.1**** 38.3**** 133.8**** 20.1**** 109.2**** 53.0**** 42.6**** 3.0**** 18.2**** 15.7**** 28.6**** 28.0**** 39.0**** 2.4**** 23.6**** 1.000
p<0.0001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 0.0 p ≤ 0.001 p ≤ 0.001 p ≤ 0.001 p<0.0001 p<0.0001 p<0.0001 p ≤ 0.000
2017 23.7**** 26.7**** 70.1**** 165.6**** 11.7**** 141.0**** 84.8**** 74.4**** 28.8**** 50.0**** 47.5**** 3.2**** 3.8**** 70.8**** 29.4**** 8.2**** 31.8**** 1.000
p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p ≤ 0.000
2018 3.8**** 6.8**** 50.2**** 145.7**** 8.2**** 121.1**** 64.9**** 54.5**** 8.9**** 30.1**** 27.6**** 16.7**** 16.1**** 50.9**** 9.5**** 11.7**** 11.9**** 19.9**** 1.000
p<0.9040 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p ≤ 0.000
Pearson correlation matrix between pp in September- Murfatlar Center 2000-2018
*The correlation is significant at p < 0.05 in 95%; **** The correlation is highly significant at p < 0.01, in 99%; N = 3
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Fig. 9. Detail with sunburned berries, caused by high temperature and solar radiation after 




           The ripening period of the grapes differs greatly from one region to another, but 
also from year to year. The temperature and precipitation are representative for the 
variability of the wine climate at regional level, in relation to the requirements of the 
varieties, influencing the quality of the grapes (sugar, color, aroma), the specificity and 
the typicality of the wines. Significant differences were recorded both in terms of 
minimum, maximum temperatures and precipitation during flowering and ripening 
periods in the Tarnave and Murfatlar vineyards, which influenced the quality of the 
Feteasca regala grapes. Due to these differences, the quantitative and qualitative level 
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